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Abstract
The problem of information loss in black hole formation and the associated violations
of basic laws of physics, such as conservation of energy, causality and unitarity, are avoided
in the nonsymmetric gravitational theory, if the NGT charge of a black hole and its mass
satisfy an inequality that does not violate any known experimental data and allows the
existence of white dwarfs and neutron stars.
3The occurrence of a naked singularity in classical general relativity (GR) would lead
to a breakdown of predictability of the theory at the singularity, and a general breakdown
of the classical laws of physics. There are indications that GR admits naked singularity
solutions1, causing an unease about the possibility of a breakdown of the cosmic censorship
hypothesis2.
Hawking’s discovery of black hole radiance,3 led him to state that the accepted prin-
ciples of relativity and quantum mechanics cannot be reconciled with this phenomenon4.
All suggested resolutions of the paradox result in violations of cherished physical laws, such
as the conservation of energy, causality and unitarity5. Consider a pure quantum state
describing the infalling matter of a star. Such a state can be described by a density ma-
trix, ρ = |ψ >< ψ| with vanishing entropy, S = −Trρlnρ. If, for sufficiently large M , the
falling matter collapses to form a black hole, it will begin emitting Hawking radiation. If
the back-reaction of the emitted radiation on the geometry is neglected, an approximation
expected to hold until the mass M becomes comparable to the Planck mass MPl, then
the radiation is thermal and is described by a mixed quantum state. The radiation is ap-
proximately described by a thermal density matrix with a nonzero entropy, S ∼M2/M2Pl.
The entropy is interpreted as an absence of information, and because it is nonvanishing,
the information contained in the initial quantum state that fell into the black hole does
not subsequently escape in the form of Hawking radiation. Information has been lost and
unitarity has been violated. If the black hole evaporates completely, then an initially pure
quantum state that was precisely known becomes a mixed state, and we can only assign
probabilities to what the final state will be. Thus, information is destroyed in principle.
The problem begins with the formation of an arbitrarily large, classical black hole,
which emits Hawking radiation. We cannot expect to invoke arguments based on some,
as yet, unknown quantum gravity theory to cure the problem, since such a theory is only
operative at the Planck length, LPl ∼ 10−33 cm. This would suggest that we must seek
an alternative to Einstein’s gravitational theory i.e. we must modify the short distance
behavior of gravity and prevent the formation of black holes. If black holes cannot form,
then there is no Hawking radiation or information loss and the paradox has been removed.
In order to prevent singularities and black holes from existing, we must make gravity
repulsive in certain situations. The simplest modification of Einstein’s theory is the Brans-
Dicke scalar-tensor theory6. However, in this theory gravity is always attractive, so that
the theory predicts singularities and black holes as in GR.
The nonsymmetric gravitational theory (NGT) is a mathematically and physically
consistent theory of gravitation, which contains GR in a well-defined limit 7. In this theory,
the gµν decomposes according to the rule:
gµν = g(µν) + g[µν], (1)
where g(µν) =
1
2
(gµν+gνµ) and g[µν] =
1
2
(gµν−gνµ). The affine connectionWλµν decomposes
according to
Wλµν =W
λ
(µν) +W
λ
[µν]. (2)
4The NGT contracted curvature tensor in terms of the W -connection is given by
Rµν(W ) = W
β
µν,β −
1
2
(W βµβ,ν +W
β
νβ,µ)−W βανWαµβ +W βαβWαµν . (3)
The field equations are
Gµν(W ) = 8πGTµν , (4)
g[µν],ν = 4πS
µ, (5)
where Gµν = Rµν − 12gµνR.
The energy-momentum tensor for a perfect fluid in NGT is of the form8:
Tµν = (ρ+ p)uµuν − pgµν , (6)
where ρ and p are the density and pressure and uµ = dxµ/ds. We interpret Sµ as the
conserved particle number of the fluid:
Sµ =
∑
i
f2i niu
µ, (7)
where f2i are the coupling constants associated with stable fermion particles i, and ni
denotes the particle density. The net NGT charge associated with a body is defined by
ℓ2 =
∫
S0d3x (8)
and because of the identity:
Sν,ν = 0, (9)
the ℓ2 of a body is a conserved quantity. The matter response equations are
1
2
(gσρT
σα + gρσT
ασ),α −
1
2
gαβ,ρT
αβ +
1
3
W[ρ,ν]S
ν = 0, (10)
where Wµ =W
α
[µα].
A cooling star of mass greater than a few solar masses cannot reach equilibrium as
either a white dwarf or a neutron star in GR, and a similar situation prevails in NGT9.
Savaria has found solutions to the time dependent, spherically symmetric collapse equations
in NGT10. He proved that, if the final state of the collapsing matter is described by an
equation of state for which the repulsive NGT force dominates, then it is possible to
produce a bounce mechanism which can prevent the formation of a black hole, without
violating the Hawking-Penrose11 positivity condition: Tµνu
µuν > 0.
In NGT, there are no negative energy contributions, even in the presence of repulsive
forces. This is an important aspect of the theory, which makes it a viable modification of
5GR. The flux of gravitational waves at infinity is the same as in GR, i.e. it is finite and
positive definite12. For the case of a time dependent, spherically symmetric spacetime, the
line element in polar coordinates is given by
ds2 = γ(r, t)dt2 − α(r, t)dr2 −R2(r, t)dΩ2, (11)
where dΩ2 = dθ2 + sin2θdφ2. We choose w(r, t) = g[10] 6= 0 and f(r, t) = g[23] = 0 in order
to satisfy the physical boundary condition of asymptotic flatness at infinity.
From (10), we get for a perfect fluid the conservation law:
ρ˙ = −(ρ+ p) ∂
∂t
ln(γ−1/2
√−g), (12)
and
p′ =
1
2
(ρ+ p)
γ′
γ
− 1
6π
s
wR
W[0,1], (13)
where ρ˙ = ∂ρ/∂t and p′ = ∂p/∂r. Moreover,
s(r, t) =
2πRwS0
R′
=
dℓ4
dR4
. (14)
For the spherically symmetric collapse of a pressureless fluid, the solutions for α(r, t)
and w(r, t) are given by
α(r, t) =
[R′(1 + ℓ4/R4)]2
(1− 2GMr )(1 + ℓ
4
r4 )
, (15)
w(r, t) =
ℓ2
R2
R′
[
(1− 2GM
r
)(1 +
ℓ4
r4
)
]−1/2
. (16)
The collapse cannot be isotropic unless ℓ2 = 0 (the GR limit). It can be shown that for a
pressureless fluid, dM/ds = 0, so that M = M(r) is a constant of the motion as in GR.
We identify M(r) as the mass contained within a sphere of radius r. Moreover, due to
(9), ℓ2 = ℓ2(r) is also a constant of the motion and will be identified as the NGT charge
contained within the sphere. Another constant of the motion is given by
E(r) =
[(
1 + U2 − 2GM
R
)(
1 +
ℓ4
R4
)]1/2
− 1
2
Mℓ2ℓ2t
mtR4
, (17)
where U = dR/ds and ℓ2t and mt are the ℓ
2 charge and mass of a test particle.
We are interested in the case when the repulsive NGT forces are at a maximum,
which corresponds to neglecting the tensor force contribution in (10) and (17). We assume
that the fluid is at rest at t = 0:
R(r, 0) = r, R˙(r, 0) = 0. (18)
6Then, (17) yields
E(r) = [(1− 2GM
r
)(1 +
ℓ4
r4
)]1/2. (19)
Let us further assume that the gravitational field is weak, so that
2GM
r
<< 1,
ℓ4
r4
<< 1. (20)
Solving the equation:
R˙(r, t) = 0, (21)
we find that the collapsing star with initial density ρ(r, 0) and zero pressure will not form
an event horizon and a black hole when:
ℓ ≥
(
8
33/4
)
GM. (22)
When M = M⊙, the collapse is halted before the event horizon is reached for ℓ ≥ 5.2 km.
This result agrees with the simplified case of the radial collapse of a shell of test particles
in the exterior static, spherically symmetric NGT metric7.
It is not expected that the basic mechanism preventing black hole formation in stellar
collapse will be significantly modified when the approximations made above are relaxed,
but further work must be carried out to investigate this issue.
For a Wheeler GEON (gravitational electromagnetic entity)13, it was shown by
Wheeler14, and Brill and Hartle15, that such objects are unstable i.e. they will either
disperse or collapse. Although it is unlikely that such objects exist, we must consider
their behaviour in NGT. Because the photon number density nγ is not conserved, we have
ℓ2γ = 0 and g[µν] = 0, and NGT reduces to GR for photon GEONS. Therefore, if photon
GEONS exist, we cannot prevent their collapse to a black hole with the resultant loss of
information due to Hawking radiation. On the other hand, for neutrino GEONS16, NGT
will prevent their collapse to a black hole, because the NGT charge for neutrinos, ℓ2ν 6= 0,
thereby guaranteeing that these objects can be prevented from collapsing to black holes.
However, as with photon GEONS, we consider that such systems are highly unlikely to
exist as astrophysical objects.
We shall postulate as a general principle in Nature, that since the initial big bang at
t=0, matter always dominated over anti-matter. Thus, matter genesis was initiated at t=0
by means of a violation of particle number conservation and an associated CP violation.
In NGT, this breaks the principle of equivalence, since the excess of matter coupled to
the NGT field g[µν], violates the equivalence principle. We also postulate that at the end-
point of gravitational collapse, the repulsive NGT force dominates, so as to prevent the
formation of black holes of arbitrarily large or small mass. A consequence of this is that
no naked, local singularities of the type generated by gravitational collapse can ever be
observed in Nature, nor can event horizons be produced together with Hawking radiation.
7In NGT there will be no absolute loss of information, as occurs in GR, and the laws of
quantum mechanics and thermodynamics will not be violated.
The values of the NGT charge necessary to prevent the formation of black holes are
not expected to contradict any experiments in the solar system7 (this is certainly true
for pressureless collapse), nor will they prevent the formation of white dwarfs or neutron
stars9. It will be interesting to investigate the astrophysical consequences of the objects
that form when stellar collapse is halted in NGT, and to ascertain whether stable systems
can be formed with possibly unique observational signatures that could distinguish them
from black holes.
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